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INTRODUCTION 

The utility of mobility aids on the lunar surface 
depends upon the manner in which they are used. This analysis 
employs a computer program to determine those regions in which 
mobility aids provide greater operational efficiency than that 
obtained by walking. The application of these results should 
enhance the effectiveness with which mobility aids are employed. 
Some preliminary results are reported here. 

Two extreme cases must be considered at the outset. 
Should the weight carrying requirement exceed an astronaut's 
capability, clearly a mobility aid of some sort is required 
for the purpose of moving this payload. On the other extreme, 
if the terrain cannot be negotiated by a mobility device, but 
is acceptable for walking, only the latter mode can be used. 
In this analysis, the region between these extremes is treated 
implicitly. That is, increasing roughness of the terrain 
and/or increasing weight carrying requirements are reflected 
in decreased riding and/or walking speed. 

In contrast to previous work in this area, in this 
analysis, metabolic rate, rather than time, is used as the 
cost factor. That is, the EVA has no arbitrary time limitation, 
but is terminated when the cumulative metabolic load exceeds a 
fixed value. Thus, return to the LM occurs at a time defined 
by a redline which results from a determination of the metabolic 
load requirements for return. 

The computer program permits a parametric study by 
means of an EVA simulation. Parameters which are varied are 
sample site separation, time spent at each side, walking speed, 
and riding speed. For each combination of parameters the com- 
puter program simulates an EVA and calculates the number of 
sample sites visited, the cumulative time spent at the sample 
sites, the total duration of the EVA, and the time spent at the 
last site visited. In addition, a check on the simulation is 
performed by determining the total metabolic expenditure. 
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ABSTRACT 

A pa rame t r i c  s tudy  of t h e  use  of  m o b i l i t y  a i d s  and 
walking dur ing  l u n a r  s u r f a c e  EVA at tempted t o  determine t h o s e  
r eg ions  i n  which each mode of locomotion has  g r e a t e r  e f f e c t i v e -  
n e s s .  I n  c o n t r a s t  t o  m o s t  work performed p rev ious ly  i n  t h i s  
a r e a ,  metabol ic  rate, ra ther  than  t i m e ,  w a s  used as t h e  c o s t  
f a c t o r .  
s e p a r a t i o n ,  t i m e  s p e n t  a t  each s i te ,  walking speed,  and r i d i n g  
speed. The payoff was assumed t o  be t h e  cumulat ive t i m e  s p e n t  
a t  t h e  sampling sites dur ing  t h e  EL7A. 

The parameters  which w e r e  v a r i e d  w e r e  sample s i t e  

The r e s u l t s  showed t h a t  f o r  t h e  assumptions used and 
f o r  r e l a t i v e l y  s m a l l  s i te  s e p a r a t i o n s  (less than  1 km) very  
h igh  r i d i n g  speeds are requi red  t o  match  t h e  r e t u r n  ob ta ined  
wi th  f a i r l y  l o w  walking speeds. The primary advantage of  t h e  
use of a mob i l i t y  dev ice  over walking occurs  when l a r g e  loads  
are t o  be c a r r i e d  over  r e l a t i v e l y  smooth t e r r a i n ,  o r  where a 
very  l a r g e  d i s t a n c e  s e p a r a t e s  t h e  LM from s i t e s  which w i l l  be 
v i s i t e d  f o r  on ly  a very  s h o r t  t i m e .  
wi th  v a r i a t i o n s  of  t h e  assumptions used. 

The a n a l y s i s  i s  con t inu ing  

, 
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Sample ou tpu t  from the program is  shown i n  Tables 1 and 2 .  T h e  
computer program i s  a v a i l a b l e  f r o m  the au tho r .  

ASSUMPTIONS 

A maximum metabolic expendi ture  of 4800  BTU i s  used 
i n  t h i s  a n a l y s i s ,  r ep resen t ing  c u r r e n t  PLSS c a p a b i l i t y .  I t  i s  
expected t h a t  changes i n  t h i s  va lue  due t o  the  development of 
improved l i f e  suppor t  systems or r e d e f i n i t i o n  of  o p e r a t i o n a l  
c o n s t r a i n t s  may modify t h e  s p e c i f i c  r e s u l t s  ob ta ined  i n  t h i s  
a n a l y s i s ,  b u t  w i l l  probably not s i g n i f i c a n t l y  modify the  form 
of the  t r a d e o f f .  The BTU r e t u r n  r e d l i n e  i s  determined by sub- 
t r a c t i n g  from t h i s  t o t a l  l oad  the metabolic c o s t  of r e t u r n  t o  
t h e  LM, t r a n s f e r r i n g  samples i n t o  t h e  LM, and i n g r e s s .  

It  is  assumed f o r  t h i s  a n a l y s i s  t h a t  r e t u r n  t o  t h e  
LM w i l l  occur  from a p o i n t  which i s  w i t h i n  1 km of t h e  LM and 
i n  t he  nominal t r a n s p o r t a t i o n  mode and rate fo r  t h e  EVA.* I f  
a m o b i l i t y  device  w i t h  an  average speed of 7 km/hr i s  used f o r  
the  EVA, t h e  r e t u r n  r e d l i n e  i s  c a l c u l a t e d  based upon a 1 km 
r i d e  a t  7 km/hr. S i m i l a r l y ,  i f  t h e  EVA i s  conducted walking 
a t  an average speed o f  2 km/hr, t h e  r e t u r n  r e d l i n e  i s  based 
on the  metabolic cost of walking 1 km a t  2 km/hr. 

T h e  average metabol ic  rates assumed f o r  s p e c i f i c  
a c t i v i t i e s  w i t h i n  the  EVA t i m e l i n e  and t h e  t i m e s  r equ i r ed  
(where a p p l i c a b l e )  f o r  these a c t i v i t i e s  are shown i n  Table 3 .  
The use of the  average rate impl ies  a summation over  a l l  de- 
t a i l e d  v a r i a t i o n s  i n  metabolic load dur ing  an a c t i v i t y .  For 
example, i f  t h e  EVA invo lves  walking a t  3 km/hr a t  a metabolic 
cost  of 1 2 5 0  BTU/hr  f o r  20 minutes followed by a 1 0  minute rest 
p e r i o d  w i t h  a 500  BTU/hr  expendi ture ,  t h e  average metabolic 
ra te  i s  1 0 0 0  BTU/hr and t h e  average walking speed i s  2 km/hr. 
The EVA t i m e l i n e  used is  shown i n  F igu re  1. 

A s  impl ied ,  the  va lues  of s i te  s e p a r a t i o n ,  t i m e  a t  
s i te,  walking speed ,  and r i d i n g  speed are also averaged. A 
s i n g l e  c o n s t a n t  average walking or  r i d i n g  speed i s  used f o r  
each s imula t ed  EVA. S i m i l a r l y ,  for  each EVA t h e  s i t e  s e p a r a t i o n  
i s  c o n s t a n t  throughout  and t h e  t i m e  s p e n t  a t  each s i te  i s  t h e  
same (except ,  perhaps,  f o r  t h e  l a s t  s i t e ) .  

RESULTS 

I n  t h i s  s tudy ,  average walking ra te  was v a r i e d  between 
1 km/hr and 5 km/hr and r i d i n g  r a t e  between 1 km/hr and 15  km/hr 

*This does n o t  imply any r e s t r i c t i o n  on r a d i u s  o f  o p e r a t i o n  
o r  s i te  l o c a t i o n  e x c e p t ,  perhaps,  fo r  t h e  l a s t  s i t e  v i s i t e d ,  which 
may have t o  be w i t h i n  1 km of t h e  LM. 
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in 1 km/hr increments. 
through 0.25 km increments between 0.25 km and 2.0 km, while 
the time at each site varied between 1 5  minutes and 1 hour 
in 15 minute increments. 
extreme cases of 15 minutes at each site and 1 hour at each 
site are shown in Figures 2 and 3 .  

The average site separation stepped 

The results of the analysis for the 

The payoff in this study is assumed to be the cumu- 
lative time spent at the sampling sites during the EVA. 
curves drawn on Figures 2 and 3 are lines of equal payoff. 
Figure 2, for example, for a walking rate of 3 km/hr and a 
site separation of 0.75 km a mobility device must average 
5 km/hr or greater to provide the same return in terms of cumu- 
lative time at the sites. 
the payoff obtained by using a mobility device moving at 15 km/hr 
can be matched by walking at 2 km/hr. Thus, for all points to 
the right and below each curve a greater return is obtained by 
walking and to the left and above each curve a greater return 
is obtained by riding. 
equal speed in both modes. 

The 
In 

If the site separation is 0.25 km 

The dashed line connects points of 

The curves show that for small site separations, for 
all average times at the sites, the metabolic cost of ingressing 
and egressing the mobility device frequently far outweighs any 
advantage it gains by its increased speed or metabolic load 
savings obtained while riding. This occurs because the metabolic 
cost of moving between the sites is approximately the same as the 
cost of ingress and egress. Thus, if the cost of walking at 
2 km/hr between two sites is 130 BTU, it is smaller than the 
combined cost of riding at 6 km/hr between these sites (40 BTU), 
plus the ingress and egress (120 BTU) required. For low average 
site times (Figure 2 )  increasing site separation reduces the 
advantage of walking over riding, until at large separations 
( 2  km) the same yield is obtained in walking at some speed as 
in riding at that same speed. 

For high average site times (Figure 3 )  only a few 
sites are visited and a large portion of the available metabolic 
load is expended at the site with a much smaller part attribut- 
able to moving between sites. The cost of servicing, ingressing, 
and egressing the mobility device is still greater than the slow, 
but steady, progress obtained by walking. The curves of Figure 3 
shift more in favor of walking (over Figure 2) due to the com- 
bined effect of predominance of site related activity and the 
basic cost of mobility device servicing as a function of the 
few sites visited. 

CONCLUSIONS 

For relatively small site separations very high riding 
speeds are required to match the return obtained with fairly low 
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walking speeds. As site separation increases, the advantage of 
walking over riding decreases. As time at the site increases, 
so does the advantage of walking over riding. Of course, these 
results are predicated upon the assumptions used and the range 
of parameters considered. The study is continuing with vari- 
ations in the chosen parameter values and modifications of the 
assumptions used. 

It does seem evident, however, that the use of a 
mobility device increases scientific return over walking pri- 
marily when large loads are to be carried over relatively 
smooth terrain, or where a very large distance separates the 
LM from sites which will be visited for only a very short time. 
The mobility device also gains some advantage if a traverse 
consists primarily of motion over large distances with few 
or no site-related activities (no ingress or egress), or 
if the mobility device permits access to teriain which cannot 
be negotiated by walking. 

2032-PB-drc 

Attachment 
Tables 1 thru 3 
Figures 1 thru 3 
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TABLE 3 - ASSUMED METABOLIC COSTS 

ACTIVITY 

PLSS c/o 
EGRESS LM 

EQUIPMENT UNLOAD 

MOB. DEV. SERVICE 

MOB. DEV. INGRESS 

MOB. DEV. EGRESS 

SAMPLE TRANSFER 

INGRESS LM 

EXPERIMENT AT SITE 

WALK 

RIDE 

METABOLIC RATE (BTU/HR) 

900 

2000 

1400 

1400 

1500 

1500 

1400 

2000 

1400 

1000 

600 

TIME (MIN) 

10 

10 

10 

15 

2.5 

2.5 

10 

10 

BASED UPON DATA FROM: 

Bottomley, T. A., "Working Note - Preliminary Energy Cost Data 
for Lunar Surface EVA," Bellcomm Working Papers, May 2, 1969. 

Benjamin, P., "Observations from the 18th LSOP Meeting," 
May 22,  1969. 

Wood, W. H., "Preliminary Apollo 11 Lunar Surface Operations 
Plan," FCSD/MSC, May 7, 1969. 
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FIGURE 2 - WALKING/RIDING EQUAL PAYOFF 
TIME AT SITE = 15 MIN. 
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FIGURE 3 - WALKING/RIDING EQUAL PAYOFF 
TIME A T  SITE = 1 HR. 


